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                     A BSTRACT  
 Bioanalytical methods used to support the drug develop-
ment process are validated to ensure that they function in 
the manner in which they are intended.  “ Incurred ”  or study 
samples can vary in their composition when compared with 
the standards and quality control samples used to validate 
the method and analyze these samples. During the 3rd 
American Association of Pharmaceutical Scientists(AAPS)/
Food and Drug Administration(FDA) Bioanalytical Work-
shop, it was suggested that the reproducibility in the analy-
sis of incurred samples be evaluated in addition to the usual 
prestudy  validation activities performed. This manuscript 
provides recommendations concerning the number and 
types of samples that should be analyzed in such an eval-
uation, as well as the manner in which the resultant data 
should be analyzed. Suggestions as to follow-up activities 
and data reporting are also discussed. This approach is at 
best a beginning and is offered as a platform for future dis-
cussion, comments, and revision.  
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   INTRODUCTION 
 Bioanalytical methods used to support toxicology and clini-
cal studies are validated to establish that they function in the 
manner in which they are intended. 1  Guidelines for the vali-
dation of analytical methods have evolved for both small 
molecules and macromolecules over the last 15 years as dis-
cussed by Shah. 2  This evolution has most recently resulted 
in the publication of a consensus report from the 3rd AAPS/
FDA Bioanalytical Workshop dealing with the validation 
and implementation of bioanalytical methods for both small 
molecules and macromolecules. 3  Both of these publications 
are part of this themed issue. 
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 The purpose of this article is to address one of the sum-
mary opinions from this latest workshop suggesting that 
the reproducibility of bioanalytical methods be demon-
strated using incurred samples. In many cases, repro-
ducibility refers to the precision of an assay between 
laboratories. For the purposes of this manuscript, repro-
ducibility is de� ned as the consistency of results derived 
from the analysis of incurred samples on 2 (or more) 
independent occasions in the same laboratory. This con-
sistency is a function of both assay accuracy (systematic 
bias) as well as precision (random error). These parame-
ters when taken together are a measure of the total error 
of the assay. 

 Much of the data generated during validation studies 
describe the precision and accuracy of the method, both 
within and between analytical runs as well as the reproduc-
ibility of the method under a variety of circumstances. 1-6  
Under most conditions, validation studies employ standards 
and quality control samples (QCs) that are prepared in vitro 
in the matrix of interest. This preparation involves the exog-
enous addition of the analyte(s) being measured to these 
standards and QCs. 

 While every attempt is made to formulate standards and 
QCs to be as similar to the study samples being analyzed 
as possible,  “ incurred ”  or study samples can differ in a 
variety of ways. These differences are dependent in part on 
whether the analyte(s) in question are small molecules or 
macromolecules. 

 As one example, incurred samples from studies conducted 
on small molecules can have metabolites present that neither 
the standards or quality control samples contain. Should a 
small molecule drug metabolite revert in vitro to its parent, 
nonreproducible results could occur. If both the metabo-
lite and the parent involved in this conversion process are 
being measured by the assay, traditional validation studies, 
if properly conducted, should reveal the problem. When 
metabolite(s) that are not being measured (ie, that are not 
present in the standards and QCs used during the valida-
tion studies) are involved, this reproducibility problem will 
not be observed during traditional method validation stud-
ies but may be present in incurred samples being analyzed. 
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In addition to this example, others have been presented 
elsewhere. 3  
 Background or matrix interference can occur during the 
analysis of macromolecules that is not detected during assay 
validation. Validation studies typically employ single-donor 
or pooled plasma from normal volunteers to prepare cali-
bration standards and quality control specimens. It is highly 
recommended that matrix dilution experiments, using sev-
eral different lots of matrix, are performed during method 
development to assess whether potential selectivity issues 
exist with the assay. If this is not done, it may only be with 
the analysis of validation QCs prepared in multiple lots of 
matrix or  “ pre-dose ”  plasma specimens, in the � rst stages of 
actual sample analysis, that potential background problems 
will be revealed. 
 There are several reasons why the analysis of incurred study 
samples can vary when compared with the standards and 
QC samples employed to analyze macromolecules: 
    

   •       Biotransformation of proteins/peptides can lead to 
metabolites that display different levels of cross-
reactivity (and nonparallelism) vis-à-vis their parent. 

   •       Elevated levels of proteases in disease states can lead 
to instability of macromolecules when compared with 
normal plasma. 

   •       The existence of disease-speci� c pseudoreceptors and 
endogenous inhibitors in plasma can bind to the ligand 
of interest and alter its binding characteristics in the 
immunoassay. 

   •       During the method development stages for noncom-
petitive ligand binding assays (LBAs), higher concen-
trations of analyte should be employed to test for and, 
if necessary, account for possible  “ prozone or hook ”  
effects that will produce diminished assay responses 
at higher analyte concentrations. If this is not done, 
the analysis of samples with high levels of analyte 
may not be reproducible on reanalysis.  

   

 Any time- or storage-related instability in protease, pseu-
doreceptor or inhibitor activity can cause reproducibility 
problems in incurred sample results from one occasion to 
the next. 
 Despite these potential issues, few laboratories have tra-
ditionally performed routine repeat assays using incurred 
samples. Among 227 respondents to an AAPS survey con-
ducted from November 2005 to February 2006, 89% of 
pharmaceutical scientists responded  “ no ”  to the following 
question:  “ Do you reanalyze any randomly selected study 
samples for con� rmation? ”  Only 8% of respondents replied 
that they routinely reassayed between 10% and 15% of 
study samples for con� rmation. 7  Indeed the Health Prod-
ucts and Food Branch of Canada recommended that 15% of 
the incurred samples for a study must be randomly selected 

and reassayed. 8  ,  9  The requirement for 15% repeat analysis 
of incurred samples for bioavailability submissions was 
subsequently removed by the Canadian Ministry of Health 
in September 2003. 10  
 Why don ’ t most scientists perform replicate analysis 
of incurred study samples to assure assay reproducibil-
ity? There would seem to be at least the 4 following 
reasons: 
       •       There is no consensus regarding the methodology and 

criteria to evaluate the level of agreement between 
original and repeated results. 

   •       It is unclear what follow-up action may be required if 
repeat assay(s) do not agree with the original assay 
result. How does one handle situations where most 
repeated results agree with the original result while 
others do not agree? 

   •       Guidelines as to the manner in which repeated results 
are handled, reported, and used need to be 
conceptualized. 

   •      There may be added cost for the extra work involved.  
   

 Viswanathan et al 3  have suggested that an evaluation of the 
reproducibility in the analysis of incurred samples be per-
formed on each species used for Good Laboratory Practices 
(GLP) toxicology assessments, as well as an appropriate 
evaluation of incurred sample reproducibility from clinical 
studies. This article will present one approach to the con� r-
matory reanalysis of incurred samples. In our opinion, con-
� rmatory reanalysis is only worthwhile if the approach 
employed is scienti� cally and statistically sound and practi-
cal. This approach is at best a beginning and is offered as a 
platform for future discussion, comments, and revision. 
 Several practical and scienti� c questions arise when con-
templating an evaluation of the reproducibility of incurred 
samples. The most fundamental of these questions are 
    

   •       In what type of studies should samples be reanalyzed? 
   •       How many and which samples should be reanalyzed 

to assure ourselves that the assay is reproducible? 
   •       What constitutes acceptable reproducibility and in 

what manner should the data be analyzed to arrive at 
valid conclusions? 

   •       What actions, if any, should be taken, once the 
analysis is completed, and the results have been 
evaluated?  

   

 Each of these questions will be considered below.  

  IN WHAT TYPES OF STUDIES SHOULD SAMPLES 
BE REANALYZED? 
 The main objective in performing con� rmatory reanalysis 
of incurred samples is to demonstrate that the assay is 
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reproducible. Over the course of a drug development pro-
gram, it is likely that a given assay will be validated and 
used to analyze samples from a variety of different matri-
ces. In order to ensure that the assay is reproducible in each 
matrix, a subset of samples in each matrix should be reana-
lyzed. Once such an analysis is performed, it can be used to 
support the reproducibility of the assay in the same matrix 
from other studies. For example, if an incurred sample eval-
uation produces acceptable results for samples obtained 
from a normal, healthy volunteer study, then such an evalu-
ation will not be necessary for other studies conducted in 
normal, healthy volunteers. Hence, it is unnecessary to 
reanalyze samples from each study performed. 
 In some cases, immunoassay laboratories analyze study 
specimens at multiple dilutions. This practice provides 
a rigorous evaluation of incurred sample reproducibility 
and further reanalysis of incurred samples is unwarranted. 
For laboratories that analyze samples at a single dilution, 
reanalysis of incurred samples may be necessary. 
 During preclinical toxicology assessments, studies are per-
formed in several animal species to assess the safety of the 
drug. Based on the recommendations of Viswanathan et al, 3  
a subset of samples from each matrix should be reanalyzed 
to ensure that the assay is reproducible. One practical issue 
that can complicate this assessment is that the volume of 
sample that can be taken from certain animal species may 
preclude a reanalysis. In this event, the reanalysis of pooled 
samples on more than one occasion is preferable to not con-
ducting this evaluation at all. 
 For clinical studies, it has been proposed that  “ an appropri-
ate evaluation of incurred sample reproducibility ”  be per-
formed. 3  What constitutes an  “ appropriate evaluation ”  is 
highly dependent on each drug ’ s individual characteristics 
and how much is known about the drug. Nonetheless, we 
offer the following general guidelines: 

  Normal, Healthy Volunteer Studies Involving Either 
Small Molecules or Macromolecules 

 The reanalysis of a subset of samples from a single study 
should be suf� cient to support all of the studies conducted 
in normal healthy volunteers. In addition, if small molecule 
drug interaction trials are anticipated to raise the blood lev-
els of drug metabolites (measured or otherwise), then it 
would make sense to reanalyze a subset of samples from a 
single study of this type in order to evaluate assay reproduc-
ibility. This reanalysis is only required if a signi� cant posi-
tive drug interaction is observed. 
 Bioequivalence studies used to support the approval of generic 
versions of marketed drugs are considered part of this category. 
As a result, reanalysis of a subset of samples from one study 
supporting the application should be performed.  

  Studies Conducted in Various Patient Populations 
 Patient population studies need to be evaluated on a case-
by-case basis. This evaluation should include an assessment 
of whether the disease being studied is likely to produce a 
sample matrix that is substantially different and variable 
from patient to patient when compared with the same type 
of matrix taken from normal, healthy volunteers. It should 
also include an evaluation of whether the pharmacokinetics 
of the drug in question is likely to be appreciably altered in 
the disease state. If the answer to both of these questions is 
 “ no, ”  then assessing the reproducibility of the assay should 
not be necessary. In instances where the sample matrix is 
different but not highly variable among patients, partially 
validating the assay in pooled matrix obtained from patients 
should be considered. 
 If the answer to either or both of the above questions is 
 “ yes, ”  then an evaluation of the assay ’ s reproducibility 
should generally be performed for a single study for each 
disease being studied. For example, the plasma from 
patients with moderate-to-severe renal insuf� ciency is 
different and can be highly variable in its quantitative 
composition from patient to patient. Furthermore, this 
degree of renal disease is likely to alter the pharmacoki-
netics of small molecules and metabolites eliminated by 
the kidney. As a result, the reproducibility of the assay in 
this disease should be evaluated in a single study. For 
macromolecules, disease-speci� c instability issues might 
exist, such as elevations in protease levels secondary to 
disease that could potentially affect the reproducibility of 
assay results. In addition, other disease-related factors 
such as the presence of pseudoreceptors and endogenous 
inhibitors can affect the reliability and reproducibility of 
immunoassay results. Should such disease-related factors 
exist, reanalysis of a subset of samples from a single study 
conducted in patients with a particular disease should be 
performed, if the assay has not been validated in the dis-
ease-speci� c matrix.   

  HOW MANY AND WHAT TYPES OF SAMPLES 
SHOULD BE REANALYZED TO CONFIRM THAT THE 
ASSAY IS REPRODUCIBLE? 
 It is important to select enough samples for reanalysis, so 
that meaningful conclusions regarding the reproducibility 
of the assay can be drawn. Analyzing more samples than 
necessary can be burdensome and increase the overall costs 
associated with the analytical work. The number of samples 
used for the repeat testing of incurred samples should be 
statistically justi� ed. We provide here an example of such a 
justi� cation realizing that it may be necessary to further 
alter or re� ne this approach, depending on the variability of 
the particular assay under consideration and the purpose for 
which the results will be used. 
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 Differences between assay results can be either (1) 
systematic — where the results of repeat assays are biased 
higher or lower than the original assay result, or (2) 
random — where the results of repeat assays do not agree 
with the original results but no bias exists. In the case of a 
systematic difference, we consider testing enough samples 
to detect a 20% or greater systematic difference in the repeat 
results a desirable objective (25% for macromolecules). To 
be on a statistically sound footing, we would like to detect 
this difference with 80% power and a 5% type I error (which 
is the probability of falsely claiming a difference when none 
exists). 

 In order to calculate the number of samples required for 
reanalysis, it is necessary to know what the intrasample 
coef� cient of variation (CV) is for the assay, which can be 
de� ned as the variation observed when a single sample is 
reanalyzed over multiple runs. In the absence of prior bio-
logical data to estimate the intrasample variability, the inter-
mediate precision of the assay determined during prestudy 
validation may be used to make a reasonable assumption on 
the degree of intrasample variability. 

 For small molecules, we usually require that samples at the 
assay ’ s lower limit of quantitation (LLOQ) have a CV of 
20% or less, while those above the LLOQ have a CV no 
greater than 15%. If we use a CV of 20% in the calculation, 
then the reanalysis of 12 samples would be suf� cient to 
determine whether a 20% systematic difference exists. For 
LBAs, the CV at the LLOQ and the upper limit of quantita-
tion (ULOQ) often used as an acceptance criterion is 25%. 
In this instance, approximately the same number of samples 
should be analyzed in order to detect a 25% difference. 

 In the event that the difference in assay results is random, 
the number of samples required would need to be greater 
than that required to detect a systematic difference. Gener-
ally speaking, reanalysis of ~20 samples for small molecule 
assays and LBAs should be suf� cient to detect 20% to 25% 
differences in assay results, as will be illustrated in the exam-
ples below. 

 It is our opinion that selecting, for example, 2 samples/per 
subject for 10 subjects in a study would produce a more rig-
orous evaluation of incurred sample reproducibility when 
compared with analyzing a complete pharmacokinetic pro-
� le for 1 or 2 subjects because intersubject differences in 
matrix composition can exist, particularly in certain disease 
states. For small molecules, we suggest that a sample at or 
near the peak level be selected, as well as one later in the 
drug elimination phase, as these are most likely to have 
higher levels of drug metabolites present. A similar sample 
selection strategy should be used for macromolecules. In 
this case, evaluating peak levels and levels near the LLOQ 
of the assay provides a suf� cient assessment of the repro-
ducibility of the results.  

  IN WHAT MANNER SHOULD THE DATA BE 
ANALYZED TO ARRIVE AT VALID CONCLUSIONS? 
 Appropriate statistical methods should be used to determine 
the level of reproducibility of incurred samples. The assess-
ment of reproducibility should include the testing of sys-
tematic difference between the results. It should also include 
the characterization of the degree of agreement between the 
results, which should prove useful in detecting random dif-
ferences between assay results. 
 These objectives can be met through the use of a Bland-
 Altman plot 11  and the estimation of what we term the 67% 
 “ limits of agreement ”  between the results, both of which 
will be explained in greater detail below. 
 We do not recommend that correlation coef� cients such as 
the intraclass correlation, Pearson’s correlation, or Spear-
man’s correlation be used to evaluate differences in sam-
ple results because the correlation of such data are heavily 
in� uenced by the range of the data. 12  Data that are narrower 
in range showing similar agreement as other data with 
broader range may look inferior with respect to the correla-
tion values. 
 The following determinations are recommended for evalu-
ating the level of reproducibility of assay results using 
incurred samples. Although the de� nitions and criteria are 
different, the concepts proposed here are similar in spirit to 
earlier publications. 11  ,  13  
    

  1.    Accuracy Assessment. The mean ratio of the 
sample results should be determined as described 
below, along with its 95% confidence interval. 
If the minimum acceptable systematic difference 
between the runs is 20% on average, then the 95% 
confidence interval of this ratio should be within 
0.83 and 1.2. The interval for a 25% systematic 
difference is 0.80 to 1.25. In both instances the 
confidence interval calculated needs to include 1, 
in order to conclude that there are no statistically 
significant systematic differences between initial 
and reanalyzed results, but this is not required (ie, 
an interval of 1.05 to 1.15 would be acceptable as 
it is within 0.8 to 1.25; although the systematic 
difference is statistically significant, it is well 
within 25%). 

  2.    Precision Assessment. The 67% limits of agreement 
of the ratio of sample results should be determined as 
described below. These limits are interpreted as the 
range within which the ratio of sample results is 
expected to fall two thirds of the time. If the differ-
ence between any 2 repeat samples should be within 
20% of each other, then these limits of agreement 
should be within 0.83 to 1.2. The interval for a 25% 
difference is 0.80 to 1.25.    
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 It should be noted that the mean ratio suggested in (1) 
above relates to the bias or trueness of the analytical 
results. The limits of agreement suggested in (2) above 
relates speci� cally to the imprecision of the analytical 
results. Since the bias and precision of the analytical 
results are 2 primary elements of analytical validation, 1-6  
these determinations for the repeat testing of incurred 
samples are consistent with the performance characteris-
tics derived during prestudy analytical validation of 
spiked samples. The criteria used for the mean ratio in (1) 
and limits of agreement in (2) are consistent with those 
used during the prestudy and in-study validation of the 
assay. 6  In addition, the motivation for using the 67% 
(rather than 95%) limits of agreement comes from the  “ 4-
6-20 rule ”  1  that is often used to accept analytical runs for 
small molecule liquid chromatography/tandem mass 
spectroscopy (LC/MS/MS) assays. Given this rule, impos-
ing a 95% limits of agreement criterion during the repeat 
analysis of incurred samples would be far too stringent. 
The 67% limits of agreement rule was developed to per-
mit more variation than is acceptable in a single analyti-
cal run. Furthermore, it is easy to calculate since 67% 
represents  � 1 standard deviation (SD) and appears to 
work well when applied to sample data for small mole-
cules and macromolecules (see Statistical Computations, 
examples 1-3). 

 Table 1.    Analytical Data Presented for a Small Molecule Analyzed by LC/MS/MS*  

  Subject Original Result (ng/mL) Repeat Result (ng/mL) Percentage Difference  †    

  1 478 406  – 16.3 
 2 107 107 0.0 

 31 826 718  – 14.0 
 31 108 109 0.9 
 3 248 250 0.8 
 4 696 674  – 3.2 
 4 141 135  – 4.3 
 5 194 179  – 8.0 
 6 548 564 2.9 
 7 676 598  – 12.2 
 9 636 676 6.1 
 2 635 624  – 1.7 
 2 244 240  – 1.7 
 9 527 579 9.4 
 9 139 117  – 17.2 

 10 107 99.3  – 7.5 
 33 664 583  – 13.0 
 33 187 176  – 6.1 
 33 690 610  – 12.3 
 33 187 190 1.6  

  *LC/MS/MS indicates liquid chromatography/tandem mass spectrometry. 
   †  (Repeat-original)/average expressed as a percentage.   

  Statistical Computations 
 The statistical analysis for the above determinations is 
outlined below. This is similar to the steps outlined by 
Eastwood et al, 13  for evaluating the reproducibility of com-
pound potency results between 2 results. 14  
    

  1.    Compute the difference ratio for individual samples 
as the difference in log (base-10) transformed values 
between the � rst and second run for each sample. Let 
    d  ̄    ,   and    s  d     be the sample mean and standard deviation, 
respectively, of the difference in log transformed 
values. Since ratios of sample results are usually 
more meaningful than differences, log transformation 
allows the ratios to be analyzed as differences. The 
following calculations are needed for the 2 determi-
nations outlined above. They can be easily carried 
out using many commercially available software 
packages. 

  2.    Compute the geometric mean for each sample as (� rst 
result × second result) 1/2 . 

  3.    Compute the mean-ratio:    M  R   =     10    d  ̄      . This is the aver-
age fold change in the sample results between 2 runs. 
The 95% con� dence interval of this mean ratio, the 
ratio limits (RLs) is calculated using the formula: 
RLs d s nd= ±10 2 / , where  n  is the number of samples. 
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 Table 2.    Analytical Data Presented for a Macromolecule Analyzed by ELISA*  
  Subject Original Result (ng/mL) Repeat Result (ng/mL) Percentage Difference  †    

  1 1.96 1.59 20.9 
 2 0.779 1.00  – 24.8 
 3 0.0577 0.0406 34.8 
 4 0.00462 0.00333 32.4 
 5 0.0403 0.0363 10.4 
 6 0.0973 0.0773 22.9 
 7 0.840 0.758 10.3 
 8 4.14 3.26 23.8 
 9 0.645 0.617 4.44 

 10 0.196 0.211  – 7.37 
 11 1.16 1.16 0.00 
 12 3.35 4.46  – 28.4 
 13 0.330 0.273 18.9 
 14 0.352 0.346 1.72 
 15 3.88 3.63 6.66 
 16 2.28 2.35  – 3.02 
 17 0.0601 0.0614  – 2.14 
 18 0.0747 0.0797  – 6.48 
 19 0.221 0.236  – 6.56 
 20 0.170 0.180  – 5.71  

  *ELISA indicates enzyme-linked immunosorbent assay. 
   †  (Repeat-original)/average expressed as a percentage.   

  4.    Compute the limits of agreement:    L  s  A   =     10     d  ̄    +  S  d     . The 
ratio of repeat results for any sample is expected to 
fall within these limits two thirds of the time.  

   

 The above calculations should be accompanied by a plot of 
the difference ratio vs the geometric mean of the repeat 
results. 11  These calculations are illustrated in the examples 
which follow.  

  Example 1: Analysis of a Small Molecule by LC/MS/MS 
 Twenty incurred plasma samples, initially analyzed using 
an LC/MS/MS assay were reanalyzed using the same proce-

dure in a different run. The results obtained, as well as their 
percentage difference, calculated using a traditional method, 
are presented in  Table 1 . These data were evaluated statisti-
cally using the procedure described above with the detec-
tion of a 20% difference considered desirable. The results of 
this analysis are presented in      Figure 1 .   
   Statistical analysis of this data revealed a mean ratio (MR) 
of 1.01; ratio limits (RL) of 1.01 to 1.09, not including 1 
(acceptance range, 0.83-1.20); and limits of agreement 
(LA) of 0.97 to 1.13 (acceptance range, 0.83-1.20). The 
acceptance ranges for both the RL as well as the LA were 
met. The fact that the RL did not quite include 1 tends to 
suggest a very slight bias to the data. As can be seen upon 
inspection of the percentage differences in  Table 1 , 13 of 
the percentage differences calculated are negative com-
pared with 6 that were positive. An evaluation as to the 
potential cause for this slight negative bias could prove 
useful. Aside from this minor bias, the data appear to be 
reproducible.  

  Example 2: Analysis of a Macromolecule by 
Enzyme-Linked Immunosorbent Assay 
 Twenty incurred plasma samples, initially analyzed using an 
enzyme-linked immunosorbent assay (ELISA), were reana-
lyzed using the same procedure in a different run. The results 
obtained, as well as their percentage difference, calculated 

 Figure 1.    Bland-Altman plot of the data presented in  Table 1 .  
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using a traditional method, are presented in  Table 2 . These 
data were evaluated statistically using the procedure described 
above with the detection of a 25% difference considered desir-
able. The results of this analysis are presented in      Figure 2 .   
   Statistical analysis of this data revealed an MR of 1.05; RL of 
0.98 to 1.14, including 1 (acceptance range, 0.80-1.25); and 
LA of 0.89 to 1.25 (acceptance range, 0.80-1.25). The accep-
tance ranges for both the RL as well as the LA were met. As 
a result, the method appears reproducible. The agreement 
between the replicate measurements for this data set appear 
to be at the outer limits of acceptability as evidenced by the 
closeness of the upper LA with the upper limit of the accep-

 Table 3.    Analytical Data Presented for a Small Molecule Analyzed by LC/MS/MS*  
  Subject Original Result (ng/mL) Repeat Result (ng/mL) Percentage Difference  †    

  1 80.1 87.6 8.94 
 2 1891 1981 4.65 
 3 194 201 3.54 
 4 288 297 3.08 
 5 416 431 3.54 
 6 108 103  – 4.74 
 7 172 165  – 4.15 
 8 482 525 8.54 
 9 267 243  – 9.41 

 10 611 697 13.15 
 11 482 499 3.47 
 12 345 365 5.63 
 13 459 511 10.72 
 14 189 183  – 3.23 
 15 783 646  – 19.17 
 16 191 171  – 11.05 
 17 508 413  – 20.63 
 18 235 224  – 4.79 
 19 583 556  – 4.74 
 20 209 217 3.76  

  *LC/MS/MS indicates liquid chromatography/tandem mass spectrometry. 
   †  (Repeat-original)/average expressed as a percentage.   

 Figure 2.    Bland-Altman plot of the data presented in  Table 2 .  

tance range. Please note that based on the percentage differ-
ences in  Table 2 , the greatest percentage differences in results 
occurred at the low and high concentration levels, further 
supporting the sample selection strategy discussed above.  

  Example 3: Analysis of a Small Molecule by LC/MS/MS 
 Twenty incurred plasma samples, initially analyzed using 
an LC/MS/MS assay, were reanalyzed using the same pro-
cedure in a different run. The results obtained, as well as 
their percentage difference, calculated using a traditional 
method, are presented in  Table 3 . These data were evaluated 
statistically using the procedure described above with the 
detection of a 20% difference considered desirable. The 
results of this analysis are presented in      Figure 3 .   
   Statistical analysis of these data revealed an MR of 1.01; 
RL of 0.97 to 1.05 including 1 (acceptance range, 0.83-
1.20); and LA of 0.92 to 1.10 (acceptance range, 0.83-1.20). 
The acceptance ranges for both the RL as well as the LA 
were met, suggesting that the data are reproducible.   

  WHAT ACTIONS, IF ANY, SHOULD BE TAKEN, 
ONCE THE ANALYSIS IS COMPLETED, AND THE 
RESULTS HAVE BEEN EVALUATED? 
 The primary purpose of reanalyzing incurred samples is to 
con� rm the reproducibility of the bioanalytical method. If 
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the results suggest that the method is reproducible, we sug-
gest reporting the initial result as the  “ � nal ”  reported value. 
We also suggest presenting the original and repeat results 
for the samples that were reanalyzed in tabular format along 
with the results of the statistical analysis in a separate sec-
tion of the bioanalytical report. 
 In the event that the method proves reproducible, but dispa-
rate results are observed in a few of the samples, it may be 
worthwhile to investigate and document whether the sam-
ples in question have anything in common (all from the 
same patient, all are peak concentrations, etc). Depending 
on the results of this investigation, further laboratory work 
may be warranted to resolve any issues that are uncovered. 
 In the event that the method is not reproducible, further work 
will be necessary to investigate and resolve this problem.  

  CONCLUSION 
 The evaluation of bioanalytical methods through the reanal-
ysis of incurred samples can be taken as one additional 
measure of assay reproducibility. This reanalysis expands 
upon the data collected during the prestudy validation of 
the method, since incurred samples may contain elements 
that are not present in the standards and quality control sam-
ples used during prestudy validation experiments. We have 
attempted to outline an approach to this reanalysis that is rea-
sonable, practical, and statistically based. Furthermore, the 
data treatment required for this approach is straightforward 
and can be accomplished with off-the-shelf spreadsheet pro-
grams. The acceptance criteria discussed in this manuscript 
appear reasonable given the criteria typically employed in 
the bioanalysis of macromolecules and small molecules but 
should be further tested and adjusted as necessary.    

 Figure 3.    Bland-Altman plot of the data presented in  Table 3 .  
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